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ABSTRACT

High-density shift-register devices are used in many present-day
data-processing systems such as radar digital signal processors. The
number of bits of shift-register storage required increases with the
need for greater radar range and resolution capability. The large-
scale integrated (LSI) MOS circuit technology currently offers the
possiblity of shift registers of tens of thousands of bits per cubic inch
with average power dissipation below 200 pW per bit. These units
can be implemented for dynamic or static operation with inherent
higher power dissipation in the latter case, due to the additional cir-
cuitry required. The key characteristics of these implementations are
the need for continuous clocking above some minimum frequency in
the dynamic case and negligible power dissipation during quiescent
operation in the static case. This report analyzes the relative power
dissipation of dynamic and static models of complimentary MOS
(CMOS) shift registers as applied to a digital-feedback-integrator
signal processor for the practical case of a nonunity processing duty
factor.

The concepts of shift-register multiplexing and staggering for the
purpose of power-dissipation reduction are described and extensively
analyzed. It is shown that in practice the amount of reduction in
dissipated power is limited by the power required by the additional
circuitry used to achieve multiplexing or staggering. The relative
power dissipation for each of the different configurations is derived
for the dynamic- and static-register models. For the models con-
sidered, the static-register configurations dissipate less power than
the dynamic-register configurations, due to the recirculation required
in the dynamic case. An "extended register" technique, which reduces
the power dissipation of the dynamic registers, is presented and
analyzed.

PROBLEM STATUS

Interim report on one phase of the NRL Problem.

AUTHORIZATION

NRL Problem R02-46

Manuscript submitted August 11, 1972.
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COMPARATIVE ANALYSIS OF THE USE OF DYNAMIC AND STATIC SHIFT
REGISTERS IN DIGITAL SIGNAL PROCESSORS

INTRODUCTION

Many state-of-the-art applications of digital techniques require the use of high-density
data-storage mediums such as shift registers. This is particularly true with respect to radar
digital signal processing, especially where digital filtering techniques are employed. In such
applications, many independent signal samples must be processed and stored prior to sub-
sequent combination with succeeding samples. Since the number of independent samples
that are required to be stored at one time can be in the thousands, the number of bits
stored per unit volume and the amount of average power dissipated per bit are prime con-
siderations in the selection of a storage medium.

The most promising storage technology that offers the bit densities and power dissi-
pation required by digital signal processing is that of large-scale integrated (LSI) MOS
shift registers. At the present state of the art, MOS shift registers offer bit densities in
tens of thousands of bits per cubic inch with average power dissipation below 200 I'W per
bit. These MOS shift registers can be configured for either a dynamic or static mode of
operation. In the dynamic mode the register must be continuously clocked at a frequency
above some minimum fmin and up to some maximum fmax Static registers can be clocked
over the frequency range from DC up to fmax and can remain indefinitely in a quiescent
state in which the clock frequency is 0.

Since static registers offer all the performance characteristics of dynamic registers,
with the addition of static operation, they obviously offer more flexibility in system de-
sign and implementation. The price paid for this flexibility is increased average power
dissipation in the static units, when compared with the dynamic units at the same clock
rates. The static registers, however, have negligible average power dissipation during qui-
escent operation. Since many radar digital signal-processing applications have nonunity
processing duty factors that in many cases are quite low, it would seem that in these situa-
tions the low quiescent power dissipation of the static registers might more than compen-
sate for the lower power-dissipation characteristics of the dynamic units.

It is the purpose of this report to present a general model of a digital feedback inte-
grator (single-pole digital filter) representative of a type previously used in an actual NRL
test-bed radar system and to present an analysis of the power-dissipation characteristics
obtained through the use of both dynamic and static registers. Various operational con-
figurations that can be used to reduce power dissipation will be considered. Models of
typically available state-of-the-art dynamic and static registers to be used in the analysis
will be described. It should be noted that although a particular processor model is con-
sidered here, the results are applicable to any processor employing shift registers with non-
unity processing duty factors.
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DIGITAL FEEDBACK INTEGRATOR

A single-pole digital filter has been implemented using a digital feedback integrator.
This digital filter is the basis of a digital signal processor for an airborne test-bed radar
system (1). Figure 1 is a block diagram of a basic digital feedback integrator. The inte-
grator consists of a digital source presenting a time-sampled digital representation of the
amplitude of the radar video, an input binary adder, a multilevel binary shift register of
length equal to the number of range bins NR to be processed, and a feedback binary mul-
tiplier. A digital sample of the radar return from each transmitted energy pulse is obtained
for every range bin to be processed. The sample for a particular range bin is added to the
weighted sum of all previous samples for that range bin and shifted into the register. The
samples are obtained, and the resulting data are shifted at a rate p determined by the
required range resolution, with one shift pulse for each range bin. The sums correspond-
ing to each range bin are shifted through the register and properly weighted by a feedback
factor k < 1. This beedback factor causes nonrecurring target-return samples to decay,
thus discriminating against noise while allowing repetitive target returns to accumulate,
thus effecting a low-pass filter. The feedback factor also prevents the stored value for
each range bin from exceeding the word size of the integrator.

FEEDBACK FACTOR

BNRY
MULTIPLIER '

FROM ebRY INTEGRATED
A/D SHF EITRDATA
CONVERTER ADDER SHIFT REGISTER

CLOCK

Fig. 1-Basic digital feedback integrator

In general the total range extent to be processed in the integrator determines a proc-
essing interval Tp equal to some fraction a of the total radar interpulse period TPRF, where
TPRF = 1/PRF. Therefore, a is the processing duty factor. The remaining portion of
TPRF is defined as the data-maintenance interval TM, which is a fraction (1 - a) of TPRF.
The processing interval Tp is determined from the number of range bins NR processed
and from the clock interval rR for a range bin:

Tp = NRTR -
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The duty factor a can then be represented as

_Tp

= TP
TPRF

- NRTR = NRTR-PRF.
1

PRF

Then the processor shift rate p is

= 1 NR-PRF

TR a

If a dynamic register were to be used to implement the integrator, the data stored
in the registers following Tp would have to be recirculated during TM by some integral
multiple of NR shift pulses, with the result that each piece of data would be back in its
proper position just prior to the beginning of the succeeding PRF interval. The clock
rate fM required to recirculate the data exactly once, and thus the minimum rate required
to maintain data during TM, is thus

1 NI?

TM TM
NR

However, by definition

TM = TPRF
1

p= PRF

a = NRITR PRF,

1 NRITR
PRF a

Thus

TM - NITR NITR = NRTR I( ) .

Substituting TM = NRI/fM in the above expression,

f = NI a _ =

NITI? (1 Z ) TR (i- a>

Finally, since

= 1

T I?

f- a

and since

NR TR,
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The preceding results are summarized in the timing diagram, which is Fig. 2.

PRF ~~~~~~~~a PRF+
n Rate=fp Rate= f n+ I

Process Data Maintain Data

c Tp > | TM

NRTR R -a)

< TPRF IR>

Fig. 2-Timing relationships for the data-processor model

SHIFT-REGISTER CHARACTERISTICS

At the current state of the art, the complimentary-MOS or CMOS technology seems
to offer the most performance in shift registers required for digital signal processing. These
devices are able to provide shift rates in excess of 10 MHz, while remaining completely
compatible with the high-speed transistor-transistor logic (TTL) that must interface with
these registers to achieve the required data rates in modern signal-processing applications.
With these considerations, the dynamic and static shift-register models to be represented
here will be based on current data on CMOS circuit techniques (2). It should be noted,
however, that the basic relationships to be used here are true for the MOS technology in
general, with only minor variations with specific circuitry.

Dynamic Register

As described earlier, the dynamic CMOS register is capable of clock rates over a range
from some minimum fmin to a maximum fmax The minimum frequency at which the
register will be able to function is directly proportional to the gate leakage current of a
particular device. For TTL-compatible operation, the typical value of fmin to be used
for analysis can be no less than 20 kHz. Therefore, this dynamic register must be con-
sidered to be incapable of maintaining data beyond 50 ,is. Thus as long as TM is greater
than 50 Ms, the data in the dynamic register must be recirculated an integral number of
times during TM.

Thus, in general, recirculation is required when TM > l/fmin, but since TM = TPRF -

NR TR, this is equivalent to the condition that TPRF - NRTR > 1 /fmin. However, cu =
NR R ITPRF = NR TR PRF, and NR'rR = oPRF. Thus

1 1I F(-a) > 1-

and finally

< 1-PRF
fmin
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is the condition under which recirculation is required when dynamic registers are used.

Each stage of the dynamic register consists of eight transistors which compose two
inverters and two gates. The average power dissipated per stage is determined by the in-
verters, since the gate power is relatively insignificant. The power dissipation in these de-
vices increases with frequency in a linear fashion. Thus if PD(fp) is the average power
dissipated per bit in a dynamic register at the frequency fp, the power dissipation per bit
at any frequency f = 3fp, where

fmin f < max

is

PD(UP) = PPD(fP)-

Static Register

The static CMOS register is capable of operation at clock rates from as low as 0 (i.e.,
DC) up to fmax. Thus the static register is able to maintain stored data indefinitely with-
out the need for recirculation and the circuitry and power dissipation associated with it.
To accomplish static operation, the basic cell used in the dynamic register must be modi-
fied by the addition of an inverter or two transistors. The power dissipation in the dy-
namic register is due largely to the two inverters. Due to the additional inverter in the
static register, the approximate relationship between PD and Ps, the power dissipations
per bit at a frequency f in the dynamic and static registers respectively is

PS(f) = 3PD(f)-

One of the most important characteristics of the CMOS static register is its extremely
low power dissipation during quiescent operation at a 0 shift rate. This dissipation is due
to the leakage current in the worst gate in a cell and is of the order of tens of nanowatts
per bit. Thus in comparison with the power dissipation per bit at processing frequencies,
which is in the range of 100 W, the power dissipation in a static register during quiescent
operation is negligible and can be considered to be 0.

SHIFT-REGISTER CONFIGURATIONS

Most digital signal processors using shift registers require overall register lengths far in
excess of the length, or number of bits, available in an individual package device. To
achieve these lengths, a number of basic shift-register devices of length r must be intercon-
nected to form an overall register with length obviously equal to some integral multiple of
r. There are three basic configuration techniques, serial, multiplexing, and staggering, that
can be employed to accomplish this interconnection; these will be discussed here individ-
ually. Two of these techniques, multiplexing and staggering, can be used to reduce the
average power dissipated in the overall shift register.
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Serial

The serial interconnection configuration is shown in Fig. 3. The registers are connected
in tandem with the output of each register forming the input to its succeeding register.
If each basic register is of length r and if K such registers are serially interconnected, the
total effective register length NR is NR = K r. The clock input is common to all registers,
and thus during data processing at a frequency fp, the power dissipated per bit is PD (fp)
or Ps(fp), depending on whether dynamic or static registers are used.

INPUT DATA DATA DATA DATA DATA DATA OUTPUT

DATA IN I OUT IN 2 OUT IN M OUT DATA

CLOCK

Fig. 3-Serial shift-register configuration

Multiplexed

The multiplexed configuration shown in Fig. 4, sequentially assigns each succeeding
input data word to M different registers, where M is defined as the multiplex factor. To
simplify the representation, logic AND gates are indicated; it is assumed that the output
gates are capable of wired OR operation; gate propagation delays are ignored. Each of the

INPUT DATA | D

<~~~~~~~~~~~ OUIT

4 ~~~~DATA IN DATA OUTPUT
2 OUT DATA

CLOCK

M-STAGE *-
CLOCK .

Fig. 4-Multiplexed shift-register configuration
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multiplexed registers can be composed of a multiple of series-interconnected registers. If
each multiplexed register is of length r, the total effective register length is NR = M r.

Since each multiplexed register level receives only every Mth data word, it is clocked
at a rate which is 1/M of the overall processing rate fp. To form the proper clock for
each of these multiplexed registers, the input clock is used to trigger an M-stage ring
counter, and the output of each counter stage forms the clock input to each level of
multiplexing.

Since the shift-register models as described earlier obey a linear relation between power
dissipation and frequency, during processing at the effective rate p,

PD(fP = PD(fP)
\M M

Thus the power dissipation per bit using multiplexing is reduced by the multiplex factor
M. This is true independent of whether dynamic or static registers are used, although mul-
tiplexing would generally be associated with dynamic registers, and the preceding relation
is valid with PD replaced by PS.

From Fig. 4 it can be seen that to accomplish the reduction in power dissipation per
bit with multiplexing, as compared to the serial configuration, an M-stage ring counter and
two gates per level of multiplexing must be provided. Since this additional circuitry will
also dissipate power, there is a point above which the additional power dissipated will ex-
ceed that saved through the use of multiplexing. There is an optimum value of M at which
the difference between the power dissipated without multiplexing and that dissipated with
multiplexing is a maximum. If PR is the total power dissipated in the serial register, then
at frequency p

PR = NR PD (P),

where NR is the total number of register bits and PD (fp) is the power dissipation per bit
at fp. If Pm is the total power dissipated in the multiplexed register and PG and PRC are
the power dissipations per level of multiplexing for each logic gate and the ring counter
respectively,

P NRPD(tP) + M(2PG + PRC)-

The difference in shift-register power dissipation with and without multiplexing is

PR - Pm = NRPD(fP) - D (fP) _ M(2PG +PRC)

Differentiating with respect to M and setting the derivative equal to 0,

NRPD(P) (2PG + PRC) = 0,
opt

where Mopt is the optimum value of M. Solving for M 0 pt,
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Mopt = N2 PG PRC

Using some typical circuit-dissipation values with a register whose length NR is 50 X 103,
Mopt is approximately 20.

The above analysis is not meant to be all inclusive but is intended to show that there
is an optimum value of M and to give some indication of its order of magnitude.

Staggered

Figure 5 is a block diagram of the staggered configuration. This configuration uses the
ability of the static register to maintain data without dissipation of power and thus in its
basic form cannot use dynamic registers. Each group of r successive data words is clocked
into a staggered subregister of length r. The next group of r data words is clocked into
a succeeding register of length r and so on. The number of staggered subregisters is the
stagger factor S. Thus the overall register length is NR = S -r. Only that particular sub-
register receiving data words is being clocked and is dissipating power at any one instant
of time; the others are in their quiescent state, maintaining data. Thus, although each
register, when processing, is operating at fp and dissipating full processing power per bit,
it operates with a duty factor of 1/S of that in a serial register of length NR.

Referring to the block diagram (Fig. 5), the input clock frequency fp is divided by r,
providing a clock of rate fpir which triggers an S-stage ring counter. Each stage of the

INPUT
DATA CLOCK

IN OUT OUTPUTCLOCK A LDAT: -- DT
CLOCK DIVIDE-BY- r SS

Fig. 5-Staggered shift-register configuration
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ring counter provides an enable pulse to each staggered subregister. This enable pulse is of
width r/fp and occurs at a rate of fp/NR. This pulse occurs at only one subregister at a
time and enables the data-in and clock lines to that subregister. This permits r data words,
with their corresponding clock pulses, to enter a particular subregister while all other sub-
registers are disabled. By AND-gating the output of each subregister with its corresponding
clock and combining the gated outputs from all subregisters by a wired OR operation, the
output of the overall register is formed.

It can be seen that to accomplish staggering and thus reduce overall register power,
one requires three gates and a ring-counter stage per staggered subregister and an r-stage
counter for the overall register. The power required per level of staggering is dependent
on the power dissipation per gate PG, on the power required per ring-counter stage
PRC, and on some fraction of the power dissipated by the divide-by-r counter. The num-
ber of counter stages C is the lowest integral number such that C > log2 r. To simplify
the analysis, it will be assumed that C varies continuously with r: C = log2 r. If P is
the power dissipated per stage by the divide-by-r counter, then the counter power per
stagger level, PCS, is

P~s PC log2 r
S

but since NR = S-r,

PC log2 NR

PCs = S

The total power PST for the staggered register is then

PST = NR s(p) + S (3PG + PRC + P log2 ) 

As in the case of multiplexing, it is desired to maximize the difference in power dissipa-
tion with and without staggering for a register of length NR. Thus

PR - PST = NRPS(fP) - S ) S(3PG+PRC+ 0lo92 NR

Differentiating with respect to M and setting the derivative equal to 0,

NRPS (fP) -_+ PC
S2 (tPG PRC)l 1n25opt opt

where Sopt is the optimum value of S, and

(3 PG +PRC)S~t P 1 Sopt - NRPS(fP) =°
op n 2 's )=

Thus

9
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2n2 + 2n2) + (3PG + PR C) (NR PS (fP)
sopt ~~ 3PG + PRC

In a practical case, PC, PG, and PRC are of the same order of magnitude, with NRPS(fp)
several orders of magnitude greater for NR > 5000. Under these conditions

(3PG +PRC)NRPS(fP) >> C

and

5 opt = (tP)
PV3PG + PRC

It can be seen that Sopt will be slightly less than Mopt, due to the extra gate required
at each stagger level.

COMPARATIVE POWER DISSIPATION

The signal-processor and shift-register models developed earlier will now be used to
perform a comparative analysis of power dissipation per bit for the various configurations.
This analysis will assume a processing frequency p and a duty factor a and will be per-
formed both for dynamic and static registers. In general the total power dissipation is the
sum of the power dissipated during the process-data interval and that dissipated during
the maintain-data interval; these power dissipations will be referred to as PD and PM re-
spectively. The power dissipation per bit for the dynamic register at the processing fre-
quency p was defined to be PD(fp). All power dissipations for the various configurations,
for dynamic- and static-register use, will be found in terms of this quantity. The additional
power dissipation of the logic circuitry required for multiplexing and staggering as described
earlier will be neglected in this analysis.

Using dynamic registers in the serial configuration,

PP = PD (fP)

and

PM= PD(fM),

where fM is the data-maintenance frequency. However, as shown previously,

iM 1-afp

and therefore

PM= aPD (P) -
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The total power dissipation per bit, P, is then the sum of Pp and PM, each weighted by
the fraction of the PPRF interval used for data processing and maintenance respectively.
Therefore

p = aPp + (1 - )PM

Thus

P = PD(fP) + ( - ) a PD(fp) = 2 PD(fp).
I a

For the multiplexed configuration, this total dissipation per bit, P, must be reduced
by the multiplex factor M and is thus 2PD(fp)/M. Likewise, for the staggered-register
configuration, the total dissipation per bit is 2aPD ([p)/S.

In the case of static-register use, the maintenance power dissipation is negligible, as
described earlier, but the basic dissipation per bit is 1.5 times that of the dynamic register.
Thus for the serial configuration,

Pp = 1.5PD(fp)

and

P = 1.5 aPD(fp).

The dissipation per bit for the multiplexed register is then 1.5UaPD(fp)/M, and for the
staggered register it is 1.5 OPD(fp)/S. These results are summarized in Table 1.

Table 1
Power Dissipation For Various Configurations

Static Registers PD PM P

Serial 1 5 PD (fp) 0 1.5 uaPD (fp)

Multiplexed 1.5 PD (fp) o 1.M5PD (fp)
M 

1.5PD (fp) 1.5 uPD (fp)
Staggered 0 

Dynamic Registers

Serial PD (fP) PD P) 2 PD (fP)

Multiplexed PD (fP) ° PD (P) 2 PD (fp)
MStipeed PDM 1-a M M

Staggered PDf)aP-p cP~p
S 1- a S S

11
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EXTENDED REGISTER

The basic serial-register configuration can be modified to permit use of dynamic reg-
isters in applications having a nonunity processing duty factor with little increase in power
dissipation over the case of unity duty factor. This can be accomplished by an interesting
technique which willbe referred to here as an extended register.* The basic principle of
the extended register is to provide an overall register of length NR + NM for the serial con-
figuration. As defined previously, NR is the number of range bins to be processed and is
the required overall length of the registers considered in our earlier analysis. The addi-
tional register positions or maintenance cells NM must be equal to or greater than the time
remaining in the PRF interval after NR range bins are processed, divided by the maximum
maintenance interval 1/fmin of the dynamic register. Thus after processing NR range bins
at a rate fp, NM additional clock pulses at the rate fmin would be provided to preserve the
data until the beginning of the next PRF interval. At that time the data would be justi-
fied to the end of the register and ready for processing in the new PRF interval.

The value of NM as previously described is

NM= TM
1

fmin

Since it was shown previously that

TM =NRTR(a)

and R = 1/fp, it follows that

NM = NR frn(1 )

The total power dissipated per required register bit is then

= Pp + ( - )PM,

where, if

_ p

fmin

it follows that

*This technique was first suggested to the author in a conversation with Dr. H. L. Groginsky of the Raytheon
Company Equipment Development Laboratories, Wayland, Massachusetts.

12
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NR+Nm

= [ + fmin(1- )] Pj(fp)

1 + -)P(f )
and

PM NR +Nm P(fmin)NR

[1 + fin (1 )]PD Uin

(+ 1 - a) PD(fP)
OM7 71

Thus

= ( + a)( + )PD(f)
/ ~~2

= I+ 109 PD fP).

Since 71 would typically be in excess of 200 for duty factors a > 0.1,

P = PD (fP),

which is basically the power per bit dissipated during the processing interval. For very
small duty factors ( < 0.001), the number of maintenance cells is inversely proportional
to a. The resulting power dissipation is then

1
P = a )2°PD(P),

which will increase rapidly, in comparison with aPD(fp), as the duty factor is decreased.
As an example, the radar signal processor described in Ref. 1 has a processing duty factor
of = 0.005 at the lower PRF rate. Assuming 71 = 500, it is found that the total power
per required register bit is P = 1.95uaPD(fp). The power dissipation using the extended
register under these conditions would then be somewhat greater than that with static
registers used in a serial configuration.

If the extended-register technique is applied to a multiplexed-register or staggered-
register configuration, each subregister must possess NM additional cells. This would in-
volve M -NM additional cells in the multiplexed case and S -NM in the staggered case. This
would require quite a large amount of additional power in the case where a is small and

13
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the total number of additional cells approaches the order of NR. Due to the extreme com-
plexity of the required clocking, it would not be desirable to apply the extended-register
technique simultaneously with multiplexing or staggering.

CONCLUSIONS

This report has presented an analysis of state-of-the-art LSI dynamic and static shift
registers with respect to their general characteristics and the configurations in which they
might be used in digital signal-processing applications. State-of-the-art models of MOS shift
registers were developed. These models were assumed to dissipate power in direct pro-
portion to clock frequency. The static register was assumed to dissipate 1.5 times the
power of the dynamic register during normal operation and negligible power during quies-
cent operation. The dynamic register was assumed to have a minimum clock frequency of
about two orders of magnitude below the effective processing frequency.

The analysis leads to several interesting results. First, where continuous processing
situations ( = 1) exist, the dynamic register offers advantages in reduced power dissipa-
tion, due to a reduction in the number of required elements per cell. This also leads to
increased bit densities per package for the dynamic register. In this continuous process-
ing case, the register clocking requirements are straightforward and identical for both dy-
namic and static registers.

In the general case of nonunity processing duty factors, where the number of shift-
register cells is some NR, as required for processing, there are several interesting results.
For dynamic registers with recirculation used for data maintenance, or data refreshing, the
power dissipation per bit during maintenance equals that during processing. Although the
dynamic register might characteristically dissipate about 2/3 the power of a static register
during continuous operation, for an application having a nonunity processing duty factor,
the static register dissipates 3/4 of the total power per bit of the dynamic register. This is
due to the negligible power-dissipation characteristic of the static register during quiescent
or nonprocessing operation. The use of techniques such as multiplexing and staggering
reduce power dissipation but at the expense of more complicated clocking requirements.
Multiplexing reduces power dissipation by reducing the register clock rates; staggering re-
duces the duty factor of each individual subregister segment of the overall register.

The extended-register technique greatly improves the power-dissipation characteristics
of the dynamic register. This technique provides additional maintenance cells through
which the data can be clocked at minimum rates until the following processing interval.
For values of o greater than 0.1, the total power dissipation per required processing cell
is essentially that dissipated during the processing interval. For very small processing duty
factors, the number of maintenance cells and thus the power dissipation increase inversely
with the duty factor. If multiplexing or staggering is applied to the extended-register tech-
nique, each subregister must possess the required number of maintenance cells. The total
number of additional cells can then easily approach the order of the basic processing
cells, with a large accompanying increase in power dissipation. The clocking requirements
of a multiplexed or staggered extended register are quite complex.

14
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integrated (LSI) MOS circuit technology currently offers the possibility of shift registers of
tens of thousands of bits per cubic inch with average power dissipation below 200 W per
bit. These units can be implemented for dynamic or static operation with inherent higher
power dissipation in the latter case, due to the additional circuitry required. The key char-
acteristics of these implementations are the need for continuous clocking above some mini-
mum frequency in the dynamic case and negligible power dissipation during quiescent opera-
tion in the static case. This report analyzes the relative power dissipation of dynamic and
static models of complimentary MOS (CMOS) shift registers as applied to a digital-feedback-
integrator signal processor for the practical case of a nonunity processing duty factor.

The concepts of shift-register multiplexing and staggering for the purpose of power-
dissipation reduction are described and extensively analyzed. It is shown that in practice
the amount of reduction in dissipated power is limited by the power required by the addi-
tional circuitry used to achieve multiplexing or staggering. The relative power dissipation
for each of the different configurations is derived for the dynamic- and static-register models.
For the models considered, the static-register configurations dissipate less power than the
dynamic-register configurations, due to the recirculation required in the dynamic case. An
"extended register" technique, which reduces the power dissipation of the dynamic registers,
is presented and analyzed.
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Shift registers
Digital signal processing
MOS technology
Dynamic shift registers
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CMOS technology
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